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The objective of this study was to evaluate the effects of age and growth rate until the onset of
boar exposure on oestrus manifestation and reproductive performance in Landrace large
white crossbred gilts (DanBred). Gilts were retrospectively classified into groups according to
age at boar exposure – BE (140–155 and 156–170 days) and in three classes of growth rate
(GR) at BE (low GR: 500–575 g/d; intermediate GR: 580–625 g/d; and high GR: 630–790 g/d).
Overall, gilts had an average weight of 105.470.53 kg and age of 170.670.41 days at their
first oestrus. There was no significant effect of ageGR interaction (P40.05) on weight and
age at first oestrus, interval between boar exposure and oestrus (BEOI), and percentages of
gilts showing oestrus. Gilts exposed at 140–155 days of age showed oestrus at a lower age
(167.670.76 vs. 173.770.73 days) but with similar BEOI (15.170.75 vs. 14.270.73 days) and
weight (104.771.04 vs. 105.571.00 kg) compared with gilts exposed at 156–170 days
(Po0.05). Gilts exposed to boar at 140–155 days had lower oestrus manifestation (60.8% vs.
77.0%) within 30 days than those exposed at 156–170 days of age. High GR gilts showed the
first oestrus at a lower age (169.370.78 vs. 172.170.82 days of age) and had a shorter BEOI
(13.570.77 vs. 16.070.81 days) than low GR gilts (Po0.05). Lower percentages of gilts in
oestrus within 30 days after BE (Po0.05) were observed in low GR and intermediate GR gilts
(65.5 and 64.3%) than in high GR gilts (74.3%). Farrowing rate and number of total born piglets
were neither affected by age and GR at onset of boar exposure nor by their interaction
(P40.05). In conclusion, first oestrus manifestation is greater when gilts are exposed to boars
after 155 days of age or with a GR4625 g/d. Provided that gilts are bred with a minimum of
130 kg, the reproductive performance is not affected by age or GR at boar exposure.
& 2014 Elsevier B.V. All rights reserved.1. Introduction
Induction to puberty in gilts through a boar contact
stimulus is already well established, and it is known that
age and growth rate at boar exposure can influence the age
at puberty (Foxcroft et al., 2005, Amaral Filha et al., 2009,x: þ55 5133086132.
).Kummer et al., 2009), and consequently the age of mating. As
the age at exposure increases, the interval between boar
exposure and puberty is shortened, even in genotypes
with later physiological maturity (Patterson et al., 2002;
Van Wettere et al., 2006).
Potential breeding herd reproductive efficiency increases
as the number of non-productive days (NPD) associated with
gilt development are decreased (Rozeboom et al., 1995). Since
low growth rate and unnecessary delays in stimulating oestrus
are important contributors to NPD in the herd (Lucia et al.,
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service earlier can be an efficient strategy to reduce NPD.
As age at puberty can be genetically influenced (Evans and
O'Doherty, 2001), different targets for breeding of gilts are
recommended by dam-lines companies. Onset of puberty
stimulation in Danbred gilts is usually recommended at
190–200 days of age (Ketchem and Rix, 2009; DB-Genet́ica
Suína, 2013). Nevertheless, the fact that some Danbred gilts
have high growth rates and can reach the recommended
breeding weight faster, offers the opportunity to start stimula-
tion with boars when gilts are 160–170 days old (DB-Genet́ica
Suína, 2013). Within this context, it would be important to
know the effects of body development and age at boar
exposure on oestrus manifestation with the purpose of esta-
blishing criteria for the onset of puberty stimulation. The aim
of this study was to evaluate the effects of age and growth rate
until the onset of boar exposure on first oestrus manifestation
and reproductive performance in Landrace large white cros-
sbred gilts.
2. Material and methods
2.1. Animals and location
The study was performed on a commercial multiplier pig
farm with 5300 sows, located in Midwest region of Santa
Catarina State (27116058″S, 50135004″W, altitude 987m),
southern Brazil, during spring and summer seasons. A total
of 665 Landrace large white gilts (DanBred), housed on the
same farm from birth onwards, were selected during 13
consecutive weeks to be exposed to mature boars (more than
12 months of age) for puberty induction. Gilts with apparent
health problems, defective hooves and angulations, excessive
callus and those with infantile vulva were excluded. Only gilts
with a minimum of 14 functional teats, and with a growth
rate (GR) above 500 g/d were analysed. The GR was consid-
ered the daily gain from birth until boar exposure.
2.2. Management
The gilts were housed in 3.804.00 m2 pens with
partially slatted floor, semiautomatic feeders and two
water nipple drinkers. Each pen contained 12–15 gilts.
They were fed ad libitum with a standard corn-soybean
diet, formulated to contain 18.1% protein, 0.98% lysine and
3097 Mcal ME kg1.
Boar contact started immediately after selection of gilts
to entry in the herd and was provided once a day, every
morning, by 10 min of direct contact, in the pen where gilts
were housed. In total, 12 boars of the same genetic line
(Landrace large white) were used in a rotation system
performed by replacing the boar used in the morning by
another one in the next morning. While the boar was
present, gilts were back pressure tested and oestrus man-
ifestation was recorded. The gilts were tested until 30 days
after the onset of boar exposure. Gilts that did not show
oestrus within 30 days after initial exposure to boars were
defined as being anoestrous. These gilts received 400 IU
eCGþ200 IU hCG (PG600s; MSD-Animal Health) and were
followed for more 30 days for oestrus detection. After
oestrus being detected, the cycling gilts were weighed andtransferred to individual crates where they received 3 kg of
the standard diet described above, twice a day. They had
free access to water throughout the experimental period.
Gilts were mated with a minimum of 130 kg of weight and
with at least two manifested oestrus.
2.3. Groups
Gilts were retrospectively classified in two groups accord-
ing to their age at boar exposure (BE): 140–155 days
(mean¼151.6 days; n¼365) and 156–170 days (mean¼159.7
days; n¼300). Gilts from each group were distributed into
three classes according to their GR from birth to BE: low GR
(500–575 g/d; mean¼544.8 g/d; n¼223), intermediate GR
(580–625 g/d; mean¼601.0 g/d; n¼216) and high GR (630–
790 g/d; mean¼670.8 g/d; n¼226). The groups were formed
in order to have approximately 50% of gilts in each age group
and approximately 33% in each GR group.
2.4. Statistical analysis
All data were analysed using the software statistical
analysis system (SAS) version 9.1 (SAS, 2005). Differences
were considered significant at Po0.05. Throughout the text,
numerical data are expressed as LS means7SEM or in
percentages, according to the variable type. Data concerning
age at first oestrus, boar exposure-oestrus interval (BEOI), and
number of total born piglets in the first farrowing were
analysed using the MIXED procedure. Comparisons were
performed using the Tukey–Kramer's test. Percentages of gilts
in oestrus within 10, 20 and 30 days after BE and farrowing
rate were analysed using logistic regression models (GLIMMIX
procedure). All the models included fixed effects of age, GR,
ageGR interaction as well as random effects of the week of
boar exposure onset and littermate. For the analysis of
farrowing rate and total born piglets, models also contained
fixed effect of oestrus number at mating. Only gilts that
showed oestrus within 30 days were included in analyses
concerning age and weight at first oestrus, BEOI, farrowing
rate and litter size.
3. Results
On average, gilts were 155.370.2 days old, weighed
94.070.3 kg, and had a GR of 605.972.2 g/d by the time
of boar exposure. Overall, oestrus manifestation occurred
in 25.7%, 50.8% and 68.1% of gilts within 10, 20 and 30 days
after boar exposure, respectively.
There was no significant effect of ageGR interaction on
weight and age at first oestrus, as well as on BEOI and
percentages of gilts showing oestrus after boar exposure
(P40.05). Gilts exposed at 140–155 days of age showed
oestrus at a similar weight, but at a lower age than gilts
exposed at 156–170 days (Table 1). Gilts exposed at 156–170
days had greater oestrus manifestation within 10, 20 and 30
days (Po0.05) after boar exposure than gilts exp-
osed at 140–155 days of age (Table 2). Weight at first oestrus
differed (Po0.001) among all GR classes (Table 1). First
oestrus manifestation occurred at a lower age in high GR
gilts compared with low GR gilts, but they did not differ from
intermediate GR gilts. High GR gilts had (Po0.05) shorter
Table 1
Effects of age and growth rate at boar exposure on weight and age at first oestrus, and on the boar exposure-oestrus interval (BEOI) of gilts (least squares
means7standard error of mean).
Variable Age Growth rate (g/d) Mean
Days 500–575 580–625 630–790
Weight at 1st oestrus (kg) 140–155 97.071.47 104.771.37 112.471.25 104.771.04
156–170 99.071.25 104.071.37 113.471.35 105.571.00
Mean 98.071.09a 104.471.09b 112.971.05c
Age at 1st oestrus (days) 140–155 168.571.18 167.871.08 166.570.97 167.670.76a
156–170 175.670.98 173.471.09 172.271.07 173.770.73b
Mean 172.170.82a 170.670.82ab 169.370.78b
BEOI (days) 140–155 16.471.16 15.171.07 13.870.96 15.170.75
156–170 15.770.96 13.671.07 13.271.05 14.270.73
Mean 16.070.81a 14.470.82ab 13.570.77b
Analyses included gilts that showed oestrus within 30 days after boar exposure.
a Values followed by different lowercase letters within row or column are significantly different (Po0.05).
b Values followed by different lowercase letters within row or column are significantly different (Po0.05).
c Values followed by different lowercase letters within row or column are significantly different (Po0.05).
Table 2
Effects of age and growth rate on oestrus manifestation, at 10, 20 and 30 days after boar exposure, and reproductive performance of gilts.
Variable Age Growth rate (g/d) Mean
Days 500–575 580–625 630–790
Oestrus at 10 days (%) 140–155 16.8 (17/101) 17.5 (22/126) 28.2 (39/138) 21.4a
156–170 25.4 (31/122) 34.4 (31/90) 35.2(31/88) 31.0b
Mean 21.5a 24.5ab 31.0b
Oestrus at 20 days (%) 140–155 37.6 (38/101) 39.7 (50/126) 53.6 (74/138) 44.4a
156–170 51.6 (63/122) 60.0 (54/90) 67.0 (59/88) 58.7b
Mean 45.3a 48.1a 58.8b
Oestrus at 30 days (%) 140–155 56.4 (57/101) 55.6 (70/126) 68.8 (95/138) 60.8a
156–170 72.9 (89/122) 76.7 (69/90) 82.9 (73/88) 77.0b
Mean 65.5a 64.3a 74.3b
Farrowing rate (%) 140–155 92.2 (47/51) 89.4 (59/66) 94.2 (82/87) 92.2
156–170 95.3 (81/85) 95.5 (64/67) 89.9 (62/69) 93.7
Mean 94.1 92.5 92.3
Number of total piglets born at 1st farrowing 140–155 16.070.50 15.870.43 15.570.41 15.870.30
156–170 15.670.37 15.070.44 15.370.46 15.370.28
Mean 15.870.33 15.470.34 15.470.35
Interaction between age and growth rate had no effect (P40.05) on oestrus manifestation or on reproductive performance.
Analyses of farrowing rate and number of piglets born (least squares means7standard error of mean) included gilts showing oestrus within 30 days after
boar exposure.
a Values followed by different letters within row or column are significantly different (Po0.05) for each variable analysed through logistic
regression.
b Values followed by different letters within row or column are significantly different (Po0.05) for each variable analysed through logistic regression.
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manifestation within 20 and 30 days (Po0.05) than low and
intermediate GR gilts (Table 2). There was no effect (P40.05)
of age, GR and ageGR interaction on farrowing rate and
number of total piglets born at first farrowing (Table 2).
4. Discussion
Gilt management concerning puberty induction aims at
high oestrus manifestation after boar exposure. In a well-
managed farm, approximately 85% of gilts should manifest
oestrus within 3 or 4 weeks after initial contact with boars
(Foxcroft et al., 2005). In a previous study, a high growthrate was important for oestrus manifestation in gilts exp-
osed to boar contact before 150 days of age (Amaral Filha
et al., 2009). However, in the present study, both age and
growth rate at boar exposure affected first oestrus occur-
rence in Landrace large white gilts. Satisfactory results
were obtained when gilts were stimulated at 156–170 days
of age, with 77% of them showing oestrus within 30 days
after boar exposure. On the other hand, oestrus manifesta-
tion in gilts exposed to boars at 140–155 days of age (61%)
was below the range of 75–84% observed in gilts of other
genotypes, when stimulated at approximately 140 days of
age (Patterson et al., 2003; Amaral Filha et al., 2009;
Kummer et al., 2009).
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than that reported for Danbred gilts (222 days) exposed to
boars at approximately 180 days of age (Moeller et al., 2004).
In a previous study performedwith gilts of the same genotype
(Ribeiro et al., 2012), a lower oestrus rate in gilts exposed at
150 and 170 days of age was observed when compared to gilts
exposed to a mature boar after 200 days of age (47% and 49%
vs. 80%, respectively). The shorter interval to show oestrus
when gilts were exposed to boars at 155–170 days of age
corroborates results of previous studies (Van Wettere et al.,
2006; Amaral Filha et al., 2009). As puberty onset is depen-
dent on maturation of the hypothalamic–pituitary–gonadal
axis, especially concerning LH action (Evans and O'Doherty,
2001), it is likely that gilts exposed to boars later have greater
maturity of the reproductive axis, hence showing a faster
response to boar stimulation and greater synchrony in man-
ifestation of the first oestrus (VanWettere et al., 2006; Amaral
Filha et al., 2009).
Differences in age at puberty or reproductive perfor-
mance of swine females may be attributed to genetic line
differences (Evans and O'Doherty, 2001; Moeller et al.,
2004; Miller et al., 2011), indicating that traditional man-
agement practices concerning puberty induction should be
adapted according to genotypes. In the present study, suc-
cessful first oestrus induction in Landrace large white
gilts was possible at a lower age (160 days of age) than
the usual recommendation of approximately 200 days of
age (Ketchem and Rix, 2009). This implies that advancing
the start of puberty stimulation may advance the first
mating, without incurring in excessive NPD.
For the genotype evaluated in the present study, the
threshold to obtain high percentages of oestrus manifestation
was shown to be a growth rate above 625 g/d, quite close to
600 g/d, which was suggested for other genotypes (Foxcroft
et al., 2005). The greater percentage of oestrus manifestation
in gilts with a GR 4625 g/d is in agreement with the
assumption that if the growth rate is greater than 620 g/d
(Kirkwood and Thacker, 1992), or with maximal rates of
protein accretion, sexual precocity seems to be limited more
by innate variability in LH secretion than by growth perfor-
mance (Beltranena et al., 1993). High GR gilts were likely to be
physiologically more mature in terms of a possible minimum
threshold of weight, lean:fat ratio, fatness or rate of body
reserve accumulation (Hughes, 1982; Kirkwood and Aherne,
1985) which are necessary for responsiveness to boar contact.
Considering the recommendation of age and weight at mating
(DB-Genética Suína, 2013), the expected growth rate (600–
650 g/d) for the genetic line studied seems to be lower than
that reported for other genetic lines (Amaral Filha et al., 2009).
In the present study, only 34% of gilts reached the threshold of
4625 g/d at boar exposure contrasting with 75% of gilts with
a growth rate 4649 g/d reported by Amaral Filha et al.
(2009).
Similarly to results of Kummer et al. (2009), farrowing
rate and litter size were not affected by age or growth rate at
boar exposure, probably because the minimum weight of
130 kg was taken into account for breeding the gilts of the
present study. In order to ensure a high percentage of gilts
with an adequate breeding weight at their second or third
oestrous, it is important to emphasise that both the age and
growth rate criteria should be taken into account to startpuberty stimulation. For gilts exposed to boars at the age
that provided the best results in terms of oestrus manifesta-
tion (156–170 days of age), the target breeding weight was
easily reached by gilts with a GR 4625 g/d at their second
(69.6%) or third (29.0%) oestrus. On the other hand, based on
the mean weight at first oestrus, reached by gilts with a GR
between 580 and 625 g/d (104 kg), they would need to be
bred at their third or even fourth oestrus in order to have an
adequate breeding weight. Indeed, within the group exposed
to boars at 156–170 days, more gilts with a GR 4625 g/d
were bred at their second oestrus (69.6%; 48/69) than gilts
with a GR of 500–625 g/d (31.6%; 48/152).
5. Conclusions
Growth rate and age at boar exposure affect the first
oestrus manifestation in Landrace large white gilts. Greater
percentages of oestrus manifestation within 30 days after
boar exposure are observed in gilts exposed to boars at an
older age (156–170 vs. 140–155 days of age), or if they have a
greater growth rate (630–790 g/d vs. 500–625 g/d). Farrow-
ing rate and number of piglets born in the first farrowing are
not affected by growth rate or age at boar exposure.
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